Objective. To determine the interrelationship between health & hygiene conditions for prevention of legionellosis, the composition of materials used in water distribution systems, the water origin and Legionella pneumophila risk. Material and methods. Include a descriptive study and multiple regression analysis on a sample of golf course sprinkler irrigation systems (n=31) pertaining to hotels located on the Costa del Sol (Malaga, Spain). The study was carried out in 2009. Results. Presented a significant lineal relation, with all the independent variables contributing significantly (p<0.05) to the model's fit. The relationship between water type and the risk of Legionella, as well as the material composition and the latter, is lineal and positive. In contrast, the relationship between health-hygiene conditions and Legionella risk is lineal and negative. Conclusion. The characterization of Legionella pneumophila concentration, as defined by the risk in water and through use of the predictive method, can contribute to the consideration of new influence variables in the development of the agent, resulting in improved control and prevention of the disease.
Introduction
The Legionellaceae family consists of one single genus, Legionella, which contains more than 50 species and 70 different serogroups. Legionella pneumophila stands out among all the species with its 16 serogroups (1) and, based on the incidence in Europe of serogroup 1 (2) , it is the most relevant. In Spain, the Legionnaires' disease incidence has decreased since 2002, when it reached its maximum with 1,461 declared cases (an incidence rate of 3.54 per 100,000 persons), although in 2005 a small rise was recorded with 1,292 cases. In the year 2006 the rate per 100,000 population was 2.92 with 1,278 declared cases. Lethality during the 1989-2005 period was 4.6%, and it was higher for nosocomial outbreaks (24.6%) than for community-acquired infections (1.3%) or for those affecting tourists (Spaniards-3.6% and EWGLINET-9.8%) (3).
Legionellosis is a disease that has spread throughout the world and its incidence is higher in developed countries. It occurs in the form of epidemic outbreaks or sporadic cases. Although the origin of most cases of travel-associated legionellosis remains unknown, such cases have been related to hotels. In fact, approximately 60% of all the legionellosis cases associated with hotels are sporadic (1) , which might point to the existence of a merely causal relationship (4) . However, from an epidemiological perspective, the relationship between hotels and clusters has been microbiologically defined in different outbreaks (5, 6) and it is precisely its repercussion on the hotel sector that illustrates the enormous economic impact this disease can have when it appears in tourist areas. Normally it occurs in the form of sporadic cases, but more and more frequently it is being detected in groups of cases and outbreaks.
Legionella species can be encountered distributed in low concentrations in natural aquatic habitats where they can survive to variations in pH, temperature and dissolved oxygen. The bacteria can colonize different water installations and spread through risk exposure in aerosols. Both its ecology and development have been subject to broad study (7) (8) (9) (10) (11) . Globally, Legionella has been isolated in the water distribution systems of numerous hotels and buildings (4, 12) . The colonization rate is variable and can oscillate between 33% in the United Kingdom and 66% in Spain, while in some countries (Germany, Italy, Austria and United Kingdom) average rates of 55% can be found (13) . At the national level, Spain has enacted legislation to prevent legionellosis and, depending on the count of Legionella (UFC/liter) (14) , it imposes specific procedures applicable to evaporative cooling units. In some hotels, concentrations of Legionella ranging from 10 1 or 10 3 UFC/ml to a maximum as high as 10 5 UFC/ml (15) have been identified in water.
The presence of favorable conditions in water installations affects the bacterial proliferation, often leading to critical concentrations and thus posing risks to public health (16, 17) . Of particular interest is the type of water that the pathogen can colonize, as well as the water physicochemical conditions and the composition of materials used to pipe it. Legionella pneumophila can grow in water originating from diverse sources, for example, from waste water treatment plants, recycled water or well water. Depending on the composition and treatment of water from these different sources, the bacteria will either be eliminated or its development prevented, so theoretically any source of water is susceptible to contamination (18) . The existence of other microorganisms, accompanied by certain levels of specific physicochemical parameters (pH, iron, turbidity and conductivity), are factors that can favor the bacteria encryption and presence (13) . While the bacteria can grow in almost all materials some, such as iron, present a higher risk (19, 20) . In fact, the bacteria can be identified in biofilms found inside water piping systems, forming part of microbial "aggregates," possibly influencing even water potability.
The aim of this study is to analyze the relationship between health-hygiene conditions for prevention of legionellosis in hotel irrigation systems, the composition of materials used in water distribution systems, and water type with the bacteria development. (14, 18) . Risk of Legionella pneumophila will be defined according to its value in a gradient degree measurement. The analysis is associated with a set of diagnostic strategies that provide information on the suitability and stability of the process, taking into consideration assumptions of linearity, independence, normality, homoscedasticity and non-collinearity. The terms of the regression model are population values, which must be estimated. The minimum quadratic estimates are obtained in an attempt to minimize the sum of the squared differences between the observed values and the predicted values. Goodness of fit and the regression equation are determined through an analysis of standardized regression coefficients and tests of significance. When fitting the model, a multiple correlation coefficient is obtained, as well as corrected and non-corrected squared, the typical error of residuals, and ANOVA. The F statistic tests the null hypothesis that the population value R is zero, making it possible to decide whether or not a significant lineal relationship exists between the dependent variable and the set of independent variables taken together. The residuals are calculated to gather information on the degree of the prognoses accuracy, equally obtaining the prognoses maximum, minimum, and average values as well as the unbiased standard deviation, the residuals, and the typified prognoses and typified residuals. A detailed analysis of residuals makes it possible to obtain information on the first four previously mentioned assumptions. To obtain information on the residuals' degree of independence, the 
Material and methods

Results
The analysis led to the R 2 value (0.585), because of this the three independent variables included in the study account for 58% of the variance in the dependent variable (risk of Legionella). Since the number of variables is small in relation to the number of cases, the corrected value of R 2 is very similar to its non-corrected value (0.627). The critical level value from ANOVA associated with the regression yields significance = 0 which, being less than 0.05, indicates a significant lineal relationship. It can be asserted that the hyperplane defined by the regression equation offers a good fit to the cloud of points. Therefore, based on the partial regression coefficients ( Table 1 ) a minimum quadratic regression equation can be constructed as follows:
Risk of Legionella =0.893+0.137 type of water-0.252 health hygiene conditions+0.094 composition of the material [1] Estimates of the non-standardized partial regression coefficients (B), standardized (Beta) and individual t-tests for significance are obtained; confidence intervals are calculated for the partial regression coefficients (which are few) as well as for the t-tests and their critical significance levels (table 1), using the latter two to contrast the null hypothesis that one regression coefficient equals zero in the population and assuming that very small levels indicate that the hypothesis should be rejected. A matrix with the covariances, correlations between the partial regression coefficients, and the matrix of bivariate correlations between the set of variables included in the analysis is obtained ( Table 2) ; the mean, unbiased standard deviation of all the variables included in the analysis and the number of valid cases are also obtained. In addition to determining partial and semipartial correlation coefficients, correlations with zero-order appear (correlation coefficients that are calculated without taking into account the presence of third variables) ( Table 3 ). The typical error of residuals presents a small value (0.313). It is especially noteworthy that the mean of the residuals equals zero and that the DurbinWatson statistic is 2.383. Associated critical significance levels ( Table 4) are calculated in relation to the Levene's statistic. After eliminating the effect of the remaining independent variables, a lineal and positive relationship exists between type of water and risk of Legionella, as well as between composition of the material and risk of Legionella. In contrast, the relationship between healthhygiene conditions and risk of Legionella is lineal and negative. Table 3 shows the tolerance levels that correspond to collinearity diagnostic. The fact that the VIF values are low demonstrates the stability of the estimations of regression coefficients, consistent with the supposition of non-collinearity; this assumption was confirmed by the good tolerance level presented (high tolerance values) and condition indexes < 15. The variance proportions (Table  5) show that each dimension indicates a large amount of variance for one single coefficient, a characteristic of non-collinearity conditions. Since there is no dimension or factor with a high condition index that could contribute to explain the large amount of the variance for coefficients of two or more variables, no collinearity is presented. In relation to Cook's distance, cases display values of less than 1 so they have no considerable weight in estimating the regression coefficients; when combined with the fact that the leverage values are less than 0.2, this fact demonstrates that they are not problematic. 
Discussion
Infection by Legionella in a community can be associated with various types of installations, equipments and buildings; while not necessarily highly lethal, it can have a large social impact. The Spanish Constitution recognizes the right to health protection and places the responsibility for organizing and safeguarding public health in the hands of public authorities charged with implementing preventive measures and providing necessary services.
To ensure compliance, national regulations have been drafted that establish monitoring and control measures applicable to installations involved in the transmission of legionellosis. In the Autonomous Region of Andalusia additional preventive measures have been specified for installations of sports grounds (21) . A special reference is made to spray irrigation systems, in which the aerosolized water can never have direct contact with people, requiring watering to be done when few people are on the grounds, preferably at night. The characterization of Legionella pneumophila concentration is established as a function of the biological agent risk in water, its dispersion, the population exposure to it, the frequency of exposure, a person's immunological state, and other variables, including meteorology. It is possible, however, to control the bacterial development including a lower determined risk threshold in the water. Preventive maintenance protocols and water quality controls are determinant factors in limiting risk. The water with distinct qualities is especially interesting due to the microorganism development and growth, possibly playing a determining role in the bacterial colonization of the medium. The mix of additional water sources may lead to secondary contamination that could affect pre-existing conditions of control. In other cases, the water origin and its characteristics (physicochemical and microbiological) are factors that can favor bacterial growth, which is why water treatment at origin is sometimes effective. The water distribution or its use for human purposes can alter the water conditions and favor new means of activation. In fact, the use of certain piping materials is being considered as one effective way to combat the bacteria, but other alternative water treatment methods are also necessary to ensure adequate, healthy conditions. Thus, it is easily understood that ensuring water quality depends as much on its own intrinsic conditions as on the elements involved in its distribution. Under Spanish regulation measures are in place to control and monitor health-hygiene conditions in irrigation installations as potential sources of risk distribution. The establishment of optimal health-hygiene conditions is one of the main elements recommended to combat the bacterial development and dispersion, and although it represents the main instrument for control, it is important to highlight the existence of many other influence variables. A priori, the prediction of Legionella risk can be defined exclusively under terms related to the control and monitoring of installations, although the study of other independent variables could be of considerable interest. A key role could also be played by the type of water being transported as well as the composition of materials used to pipe it. The potential for independent variables to influence one another has been considered to find out whether a possible relationship exists, using the few existing contributions available in this field. The construction of an equation that could serve as a preventive tool is presented as an additional means to limit bacterial concentration. A multiple regression method is used to predict the response from the explicative variables indicated; in fact, we have created a model that selects the variables that could influence the bacterial concentration, eliminating those that do not contribute with additional information. Detecting interactions among independent variables that affect the response variable is particularly relevant in order to observe the possibly greater than expected result of the independent variables sum; the presence of confounding variables was taken into account. In selecting the number of independent variables, more than 20 observations were taken into consideration for each independent variable that, a priori, was thought to be of interest for the model, contributing to the conclusions obtained and avoiding Type II errors. The identification and study of possible anomalous observations have no influence on the results obtained and therefore present no consequence in the analysis; significance is obtained from the regression model. Goodness of fit as interpreted by R 2 and the reduced number of independent variables introduced in the model help reduce the response variable uncertainty (variability). The proximity between R and corrected R 2 demonstrates the model's effectiveness with regard to the variables under consideration as well as the interest of those variables. Uncertainty (variance) regarding the response variable values is reduced by using information corresponding to the independent variables and randomly choosing a case for which no information is available, and, thanks to the linear regression model, a prediction can be made in which uncertainty decreases by 62.7% compared to the original. The matrix of correlations shows lineal correlations between dependent and independent variables, the most extreme being the Pearson correlation coefficient corresponding to health-hygiene conditions for risk of Legionella, thus demonstrating the existence of an inverse lineal association between this pair of variables. For the other two dependent variables, specific correlations show that the relationship is direct with approximate growth. The coefficient value indicates how much the response variable can be expected to increase or decrease, depending on which variable is acted upon. The variable for healthhygiene conditions has greater weight in the regression equation than the other variables because its standardized regression coefficient presents the greatest absolute value, followed in importance by composition of the material. Considering the critical significance level associated with each t-test, all three variables contribute significantly to the model's fit; in other words, to explain what occurs with the dependent variable. Since the confidence intervals of the partial regression coefficients are not very wide, the estimates obtained are precise and stable, thus presenting non-collinearity. The values obtained from the covariance matrix indicate that the partial regression coefficients are dependent. Comparisons among the zero-order, partial and semipartial coefficients (table 3) provide evidence that the relationship identified between the dependent variable and the three independent variables is not spurious, since risk of Legionella is explained through three variables. Given the low value obtained for typical error of the estimate, optimal prognoses are considered, meaning that the line of regression shows a better fit with points from the dispersion diagram. Considering the value obtained from the Durbin-Watson statistic, it could be assumed that the residuals are independent, in other words, there is no reason to believe that the supposition of independence has not been met. The Levene test is used to contrast the hypothesis that the groups defined by the independent variables proceed from populations with the same variance and, given the critical level value, the hypothesis of homogeneity is accepted.
The presence of Legionella pneumophila and the critical impact its development can have on public health is characterized by the bacterial risk in water. The use of a predictive method can facilitate the study of new influence variables for the agent development and contribute to improved control and prevention of the disease. Further studies on the influence of predictor variables considered here and others are needed, as well as on possible interactions among them. Standardized processes of treatment and control to prevent legionellosis, as well as knowledge on installations and water characteristics, can serve as a theoretical predictive method to measure risk, reinforcing pertinent analytical controls. This method can also contribute to the reduction of health investments and facilitate quicker, more efficient actions related to the control of the state of installations. The inclusion of predictive tools in inspection routines will facilitate risk identification and the detection of different critical states.
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